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0 A first reticle is located at an object position of a 
lens to be evaluated. The first reticle is formed with 
a first diffraction grating. A stage supports the first 
reticle. A coherent light source illuminates a whole 
region of the first diffraction grating. A spatial filter 
blocks a 0-order component of diffraction light from 
the first diffraction grating. A second reticle is lo- 
cated at an image position of the iens and is formed 
with a second diffraction grating. A stage moves the 
second reticle within a projection range of the lens. 
Interference fringes are formed on the second reticle 
by re-diffraction by the lens. Moire fringes are caus- 
ed by the second diffraction grating and the interfer- 
ence fringes. The moire fringes are observed. 



FIG. 1 
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APPARATUS FOR EVALUATING A LENS 



This invention generally relates to an apparatus 
for evaluating a lens, and specifically relates to an 
apparatus for measuring the aberration of a lens. 

Some semiconductor devices are fabricated by 
use of a light exposure system which projects a 
fine semiconductor pattern on a semiconductor wa- 
fer. Generally, lenses used in such a light exposure 
system are required to have a high resolving pow- 
er. For example, a required resolving power is 1 
micrometer or less, and corresponds to 500 
lines/mm or higher in spatial frequency. 

There are various prior art apparatuses for 
evaluating a lens. The prior art apparatuses are 
generally inadequate in accuracy for a high-resolu- 
tion lens. Accordingly, an accurate apparatus for 
evaluating such a high-resolution lens has been 
desired. 

It is an object of this invention to provide an 
accurate apparatus for evaluating a lens. 

According, to a first aspect of this invention, an 
apparatus for evaluating a lens comprises a first 
reticle located at an object position of the lens and 
formed with a first diffraction grating; a stage sup- 
porting the first reticle; a coherent light source 
illuminating a whole region of the first diffraction 
grating; a spatial filter blocking a 0-order compo- 
nent of diffraction light from the first diffraction 
grating; a second reticle located at an image posi- 
tion of the lens and formed with a second diffrac- 
tion grating; a stage moving the second reticle 
within a projection range of the lens; and means for 
observing moire fringes which are caused by the 
second diffraction grating and interference fringes, 
the interference fringes being formed on the sec- 
ond reticle by re-diffraction by the lens. 

According to a second aspect of this invention, 
an apparatus for evaluating a lens comprises a 
diffraction grating located at an object plane of the 
lens; means for illuminating the diffraction grating 
with coherent light, wherein the diffraction grating 
generates diffraction light from the coherent light, 
and the diffraction light is incident to the lens; a 
member located at an image plane of the lens and 
having a predetermined pattern, wherein the dif- 
fraction light passes through the lens and forms 
interference fringes on the member, and wherein 
moire fringes result from an overlap between the 
interference fringes and the predetermined pattern; 
and means for enabling the moire fringes to be 
observed. 

The invention will be further described by way 
of non-limitative example with reference to the ac- 
companying drawings, in which:- 

Fig. 1 a diagram of an apparatus for evaluating a 
lens according to a first embodiment of this 



invention. 

Figs. 2 and 3 are plan view of the reticles of Fig. 
1. 

Fig. 4 is a diagram of a part of the apparatus of 

5 Fig. 1. 

Figs. 5 and 6 are diagrams showing moire 
fringes generated in the apparatus of Fig. 1 . 
Figs. 7 and 8 are plan views of reticles in an 
apparatus according to a second embodiment of 

70 this invention. 

Fig, 9 is a diagram of an apparatus for evaluat- 
ing a lens according to a third embodiment of 
this invention. 

Fig. 10 is a plan view of the reticle of Fig. 9. 
15 Fig. 1 1 is a plan view of a sub diffraction grating 
of Fig. 10. 

Fig. 12 is a diagram of a part of the apparatus of 
Fig. 9. 

Fig. 13 is a plan view of a reticle in an apparatus 
20 according to a fourth embodiment of this inven- 
tion. 

Fig. 1 4 is a plan view of a sub diffraction grating 
of Fig, 13. 

Fig. 15 is a diagram of a part of the apparatus 
25 according to the fourth embodiment. 

Fig. 16 is a diagram of a part of the apparatus 
according to the fourth embodiment. 
Fig. 17 is a plan view of a spatial filter in the 
apparatus according to the fourth embodiment. 
30 The like and corresponding elements are de- 
noted by the same reference characters throughout 
the drawings. 



35 DESCRIPTION OF THE FIRST PREFERRED EM- 
BODIMENT 



With reference to Fig. 1, a projection lens unit 
40 1 including lenses is exposed to evaluation of ab- 
erration. The projection lens unit 1 will be referred 
to as the projection lens 1 hereinafter. The projec- 
tion lens 1 is designed so that its projection mag- 
nification, used light wavelength X, and numerical 
45 aperture NA will be 1/5, 248 nm, and 0.355 respec- 
tively. A reticle 2 is formed with a first diffraction 
grating. The reticle 2 is placed on an object plane 
of the projection lens 1 . The reticle 2 is supported 
on a mask stage 3 in such a manner that the reticle 
so 2 can move in a horizontal plane. The reticle 2 is 
illuminated by a coherent light source 4. The 
wavelength of the coherent light from the source 4 
is equal to the wavelength of the used light of the 
projection lens 1. The coherent light from the 
source 4 is applied to the reticle 2 via an illumina- 
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tion optical system including a condenser optical 
system 5, a light-path changing mirror 6, and a 
condenser lens 7. 

The projection lens 1 has an entrance pupil 8. 
A spatial filter 9 is detachably provided on a plane 
(a spectrum surface) of the entrance pupil 8 of the 
projection lens 1. The spatial filter 9 has apertures 
10 which transmit only t1 -order diffraction lights. 
The spatial filter 9 blocks other-order diffraction 
lights from the first diffraction grating on the reticle 
2. A reference reticle 11 is formed with a second 
diffraction grating. The reference reticle 11 is 
placed on an image plane of the projection lens 1 . 
The reference reticle 11 is supported on a stage 12 
in such a manner that the reference reticle 1 1 can 
move in a horizontal plane and in the direction of 
an optical axis within a projection range of the 
projection lens 1 . As will be explained later, moire 
fringes are formed on the reference reticle 1 1 . The 
stage 12 has an opening 13 extending in a tight 
exposure area of the projection lens 1 . 

An objective 14 and a light-path changing mir- 
ror 15 are placed below the opening 13 of the 
stage 12. The light-path changing mirror 15 is 
followed by image formation lenses 16 and an 
image pickup device 17. The image pickup device 
17 has a sensitivity with respect to the wavelength 
of the light emitted from the coherent light source 
4. The devices 14, 15, 16, and 17 compose an 
observation optical system which serves to enlarge 
the moire fringes on the reference reticle 1 1 and to 
enable accurate observation of the moire fringes. 

As shown in Fig. 2, the reticle 2 has a projec- 
tion area 20 which corresponds to the projection 
area of the projection lens 1. Since it is preferable 
that the evaluation of the projection lens 1 is made 
over the whole of the projection area of the projec- 
tion lens 1, the whole of the projection area 20 of 
the reticle 2 is formed with a first diffraction grating 
21 including parallel straight lines spaced at equal 
intervals or pitches. It is preferable that the pitch P 
of the first diffraction grating 21 satisfies the con- 
dition "P £ X/NA" where "X" denotes the 
wavelength of the used light of the projection lens 
1 and "NA" denotes the numerical aperture of the 
projection lens 1. For example, the pitch P of the 
first diffraction grating 21 is equal to 3.5 microm- 
eters. 

As shown in Fig. 3, the reference reticle 1 1 has 
a projection area or a light exposure area 30 which 
exactly corresponds to the first grating projection 
area 20 multiplied by the magnification of the pro- 
jection lens 1, that is, 1/5. The whole of the projec- 
tion area 30 of the reference reticle 1 1 is formed 
with a second diffraction grating 31 including par- 
allel straight lines spaced at equal intervals or 
pitches. The pitch of the second diffraction grating 
31 equals the pitch of the first diffraction grating 



which is multiplied by the magnification of the 
projection lens 1, that is, 1/5. In the case where the 
pitch of the first diffraction grating 21 is equal to 
3.5 micrometers, the pitch of the second diffraction 

5 grating 31 is equal to 0.7 micrometers. Generally, 
the positional relation between the first diffraction 
grating 21 and the second diffraction grating 31 are 
chosen so that the lines of the first diffraction 
grating 21 are essentially parallel to the lines of the 

70 second diffraction grating 31 . 

The light emitted from the coherent light 
source 4 is applied to the reticle 2 via the illumina- 
tion optical system including the devices 5-7. The 
applied light passes through the first diffraction 

75 grating 21 on the reticle 2. As shown in Fig. 4, 
when the applied light passes through the first 
diffraction grating 21, the light is diffracted and is 
thus divided into various-order diffraction lights in- 
cluding + 1 -order diffraction light 41 A, 0-order dif- 

20 fraction light 41 C, and -1 -order diffraction light 41 B. 
The +1 -order diffraction light 41 A, the 0-order dif- 
fraction light 41 C, and the -1 -order diffraction light 
41 B are incident to the projection lens 1, and then 
reach the spatial filter 9 within the projection lens 1 . 

25 The spatial filter 9 cuts off the 0-order diffraction 
light 41 C but transmits the +1 -order diffraction 
light 41 A and the -1 -order diffraction light 41 B. 
After the +1 -order diffraction light 41 A and the -1- 
order diffraction light 41 B pass through the spatial 

30 filter 9, they exit from the projection lens 1 and 
encounter the reference reticle 11. When the +1- 
order diffraction light 41 A and the -1 -order diffrac- 
tion light 41 B pass through the projection lens 1, 
they undergo diffraction again. In other words, the 

35 lights 41 A and 41 B are re-diffracted by the projec- 
tion lens 1. As a result, the +1 -order diffraction 
light 41 A and the -1 -order diffraction light 41 B 
applied to the reference reticle 1 1 form interference 
fringes on the diffraction grating 31 of the reference 

40 reticle 11. The intensity l(x) of the interference 
fringes is expressed by the following known equa- 
tion. 

l(x) = b 2 /2{1+cos(4*x/p)} 

where "b" denotes the amplitude of the light trans- 

45 mitted through the first diffraction grating 21, and 
"p" denotes the value equal to the pitch P of the 
first diffraction grating 21 which is multiplied by the 
magnification 0 of the projection lens 1 . The pitch 
of the interference fringes is equal to a half of the 

so pitch of an original geometrical optics image, and 
the contrast of the interference fringes is equal to 
1. Accordingly, in the case where the pitch of the 
second diffraction grating 31 is equal to a half of 
the pitch of the original geometrical optics image 

55 which is given by "0 x P", moire fringes result 
from the overlap or the superimposition between 
the interference fringes and the lines of the second 
diffraction grating 31. 
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In the case where the projection lens 1 is free 
from aberration, the interference fringes result from 
the interference between the ideal plane waves of 
the +1 -order diffraction light 41 A and the -1 -order 
diffraction light 41 B so that the interference fringes 
are composed of parallel straight lines. Accord- 
ingly, as shown in Fig. 5, the moire fringes are also 
composed of parallel straight lines. In the case 
where the projection lens 1 has aberration, the + 1- 
order diffraction light 41 A and the -1 -order diffrac- 
tion light 41 B differ from the ideal plane waves so 
that the interference fringes are curved. Accord- 
ingly, as shown in Fig. 6, the moire fringes are also 
composed of curved lines. The aberration of the 
projection lens 1 can be estimated by quantitatively 
measuring the curvature in the moire fringes. 

In order to measure the curvature in the moire 
fringes, it is preferable that the pitch of the second 
diffraction grating 31 equals nx0xPor1/nx/9 
x P where "n" denotes a predetermined integer. 
For example, the pitch of the second diffraction 
grating 31 is 0.7 micrometers. 

The operation will be further described 
hereinafter. The light emitted from the coherent 
light source 4 is applied to the reticle 2 via the 
illumination optical system including the devices 5- 
7. The whole of the projection area 20 of the reticle 
2 is illuminated by the coherent light. Thus, diffrac- 
tion light is generated from the entire area of the 
first diffraction grating 21. The diffraction light is 
incident to the projection lens 1. The incident light 
forms point spectrums on the entrance pupil 8 of 
the projection lens 1. The point spectrums cor- 
respond to the numbers of order of the diffraction 
respectively. The spatial filter 9 on the entrance 
pupil 8 has the apertures 10 for selecting and 
transmitting only the ±1-order components of the 
diffraction light. Thus, only the +1 -order diffraction 
light 41 A and the -1 -order diffraction light 41 B pass 
through the projection lens 1 while being re-dif- 
fracted by the projection lens 1. The +1 -order 
diffraction light 41 A and the -1 -order diffraction light 
41 B which exit from the projection lens 1 interfere 
with each other, forming the interference fringes on 
the image plane of the projection lens 1. The 
reference reticle 11 is moved via the stage 12 Into 
a position where an image of the first diffraction 
grating 21 in the projection area 20 can be nor- 
mally formed through the projection lens 1. The 
moire fringes result from the overlap or the super- 
imposition between the lines of the second diffrac- 
tion grating 31 on the reference reticle 1 1 and the 
interference fringes by the +1 -order diffraction 
light 41 A and the -1-order diffraction light 41 B. The 
aberration related to the whole of the light exposure 
area 30 can be observed by monitoring the moire 
fringes. The moire fringes on the reference reticle 
11 are moved to a central part of the observation 



field of view via the observation optical system 
including the devices 14-17. The shape of the 
moire fringes can be observed through the ob- 
servation optical system. 

s As described previously, the spatial filter 9 
blocks the 0-order component but transmits the ±1- 
order components of the diffraction light from the 
reticle 2. The + 1-order diffraction light and the -1- 
order diffraction light are re-diffracted by the pro- 

10 jection lens 1, forming the interference fringes on 
the image plane of the projection lens 1 . The moire 
fringes result from the overlap between the interfer- 
ence fringes and the lines of the second diffraction 
grating 31. Accordingly, a high spatial frequency of 

15 the re-diffraction image to be evaluated is con- 
verted into a low frequency of the moire fringes so 
that the aberration of the projection lens 1 can be 
accurately measured in a spatial frequency range 
equal to or below 1 micrometer. 

20 

DESCRIPTION OF THE SECOND PREFERRED 
EMBODIMENT 

25 

A second embodiment of this invention is simi- 
lar to the embodiment of Figs. 1-6 except for 
design changes described hereinafter, In the sec- 
ond embodiment, as shown in Fig. 7, a projection 

30 area 20 of a reticle 2 is divided into square seg- 
ments having equal sizes of A x A. A first diffrac- 
tion grating 21 has a group of sub diffraction grat- 
ings 21a which extend in the square segments of 
the projection area 20 respectively. The sub grat- 

35 ings 21a are square and have equal sizes cor- 
responding to A x A. In the second embodiment, 
as shown In Fig. 8, a second diffraction grating 31 
on a reference reticle 1 1 is square and has a size 
equal to one fifth of the size of a sub diffraction 

40 grating 21a. The factor "one fifth" agrees with the 
magnification of a projection lens 1 . 

A description will be given hereinafter of the 
operation of the second embodiment which relates 
to a process of evaluating the aberration of a given 

45 region of the projection lens 1. A spatial filter 9 
within a projection lens 1 blocks the 0-order com- 
ponent 41 C but transmits the ±1 -order components 
41 A and 41 B of diffraction light from the whole of 
the projection area 20 of the reticle 2. The +1- 

50 order diffraction light 41 A and the -1-order diffrac- 
tion light are diffracted again by the projection lens 
1 and are directed toward the reference reticle 2, 
forming interference fringes in a region of an image 
plane of the projection lens 1 which corresponds to 

55 the whole of the projection area 20 of the reticle 2. 
Since only a part of the reference reticle 1 1 which 
corresponds to one sub diffraction grating 21a is 
formed with the second diffraction grating 31 , moi- 
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re fringes are formed only in a region where the 
interference fringes and the second diffraction grat- 
ing 31 overlap. The reference reticle 11 is moved 
via a stage 12 into a position where an image of 
the sub diffraction grating 21a can be normally 
formed through the projection lens 1. The moire 
fringes result from the overlap or the super imposi- 
tion between the lines of the second diffraction 
grating 31 on the reference reticle 11 and the 
interference fringes by the +1 -order diffraction 
light 41 A and the -1 -order diffraction light 41 B 
which come from the sub diffraction grating 21a. 
The moire fringes on the reference reticle 11 are 
moved to a central part of the observation field of 
view via an observation optical system including 
devices 14-17. The shape of the moire fringes can 
be observed through the observation optical sys- 
tem. 

In general, the part of the interference fringes 
which overlaps with the second diffraction grating 
31 corresponds to one of the sub diffraction grat- 
ings 21a as well as a portion of the projection lens 
1. Therefore, the moire fringes which result from 
the overlap between the interference fringes and 
the second diffraction grating 31 represent the ab- 
erration of a portion of the projection lens 1. By 
observing the moire fringes, the aberration of a 
portion of the lens 1 can be evaluated. As the 
second diffraction grating 31 is moved relative to 
the interference fringes via the stage 12, the sub 
diffraction grating 21a corresponding to the moire 
fringes changes from one to another so that the 
evaluated portion of the projection lens 1 moves 
also. 



DESCRIPTION OF THE THIRD PREFERRED EM- 
* BODIMENT 



A third embodiment of this invention is similar 
to the embodiment of Figs. 1-6 except for design 
changes described hereinafter. In the third embodi- 
ment, as shown in Fig. 9, a spatial filter 9 is 
disposed between a reticle 2 and a projection lens 
1. The spatial filter 9 is supported on a moving 
device 18 in such a manner that the spatial filter 9 
can move in a horizontal plane. 

In the third embodiment, as shown in Fig. 10, a 
projection area 20 of the reticle 2 is formed with a 
first diffraction grating 21 which has a group of sub 
diffraction gratings 21a separated in correspon- 
dence with A x A square segments. As shown in 
Fig. 11, each of the sub diffraction gratings 21a has 
parallel straight lines spaced at equal pitches of, for 
example, 3.5 micrometers. 

In the third embodiment, as shown in Fig. 8, a 
second diffraction grating 31 on a reference reticle 



1 1 is square and has a size equal to one fifth of the 
size of a sub diffraction grating 21a. The second 
diffraction grating 31 has parallel straight lines 
spaced at equal pitches which agree with one fifth 
s of the pitches of the first diffraction grating 21. The 
factor "one fifth" agrees with a magnification of the 
projection lens 1. For example, the pitch of the 
second diffraction grating 31 equals 0.7 microm- 
eters. 

70 The third embodiment operates as follows. 
Light emitted from a coherent light source 4 is 
applied to the reticle 2. As shown in Fig. 12, the 
applied light passes through the reticle 2 and is 
diffracted by the reticle 2 into +1 -order diffraction 

is light 41 A, 0-order diffraction light 41 C, and -1 -order 
diffraction light 41 B. The +1 -order diffraction light 
41 A and the -1 -order diffraction light 41 B are trans- 
mitted through the spatial filter 9 but the 0-order 
diffraction light 41 C Is blocked by the spatial filter 

20 9. As a result, only the +1-order diffraction light 
41 A and the -1 -order diffraction light 41 B are in- 
cident to the projection lens 1. The +1 -order dif- 
fraction light 41 A and the -1 -order diffraction light 
41 B are re-diffracted by the projection lens 1, for- 

25 ming interference fringes on the diffraction grating 
31 of the reference reticle 11. Moire fringes result 
from the overlap between the interference fringes 
and the lines of the second diffraction grating 31. 
The aberration of the projection lens 1 can be 

30 estimated by quantitatively measuring a curvature 
in the moire fringes. 

In order to measure the curvature in the moire 
fringes, it is preferable that the pitch of the second 
diffraction grating 31 equals nx0xPoM/nx0 

35 x P where "n" denotes an integer. For example, 
the pitch of the second diffraction grating 31 is 0.7 
micrometers. 

A description will be given hereinafter of the 
operation of the third embodiment which relates to 

40 a process of evaluating the aberration of a given 
region of the projection lens 1. The light emitted 
from the coherent light source 4 is applied to the 
reticle 2 via an illumination optical system including 
devices 5-7. The whole of the projection area 20 of 

45 the reticle 2 is illuminated by the coherent light. 
Thus, diffraction light is generated from the entire 
area of the first diffraction grating 21. The diffrac- 
tion light is applied to the spatial filter 9. The 
spatial filter 9 is moved via the moving device 18 to 

so a position where the light blocking part of the 
spatial filter 9 which extends between the apertures 
10 is located directly below a specified one of the 
sub diffraction gratings 21a. The spatial filter 9 
blocks the 0-order component 41 C but transmits 

55 the ±1-order components 41 A and 41 B of the dif- 
fraction light which is generated from the specified 
one of the sub diffraction gratings 21a. As a result, 
only the +1 -order diffraction light 41 A and the -1- 
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order diffraction light 41 B are incident to the pro- 
jection lens 1. The +1 -order diffraction light 41 A 
and the -1 -order diffraction light 41 B pass through 
the projection lens 1 while being re-diffracted by 
the projection lens 1. The +1 -order diffraction light 
41 A and the -1 -order diffraction light 41 B which exit 
from the projection lens 1 interfere with each other, 
forming the interference fringes only on the part of 
the image plane of the projection lens 1 which 
corresponds to the specified one of the sub diffrac- 
tion gratings 21a. The reference reticle 11 is 
moved via a stage 12 into a position where an 
image of the specified one of the sub diffraction 
gratings 21a can be normally formed through the 
projection lens 1 . The moire fringes result from the 
overlap or the superimposition between the lines of 
the second diffraction grating 31 on the reference 
reticle 11 and the interference fringes by the +1- 
order diffraction light 41 A and the -1 -order diffrac- 
tion light 41 B which are generated by the specified 
one of the sub diffraction gratings 21a. Since the 
specified one of the sub diffraction gratings 21a 
corresponds to a portion of the projection lens 1, 
the aberration of this portion of the projection lens 
1 can be evaluated by observing the moire fringes. 



DESCRIPTION OF THE FOURTH PREFERRED 
EMBODIMENT 



A fourth embodiment of this invention is similar 
to the embodiment of Figs. 9-12 except for design 
changes described hereinafter. In the fourth em- 
bodiment, as shown in Fig. 13, a projection area 20 
of a reticle 2 is formed with a first diffraction 
grating 21 which has a group of sub diffraction 
gratings 21a separated in correspondence with A x 
A square segments. As shown in Fig. 14, each of 
the sub diffraction gratings 21a has a first set of 
parallel straight lines and a second set of parallel 
straight lines. The lines in the first set are per- 
pendicular to the lines in the second set. The lines 
in the first set and the lines in the second set are 
spaced at equal pitches of, for example, 3.5 mi- 
crometers. 

In the fourth embodiment, as shown in Fig. 8, a 
second diffraction grating 31 on a reference reticle 
1 1 is square and has a size equal to one fifth of the 
size of a sub diffraction grating 21a. The second 
diffraction grating 31 has parallel straight lines 
spaced at equal pitches which agree with one fifth 
of the pitches of the first diffraction grating 21. The 
factor "one fifth" agrees with a magnification of the 
projection lens 1. For example, the pitch of the 
second diffraction grating 31 equals 07 microm- 
eters. 

As shown in Fig. 13 and 15, the (X, Y, Z) 



coordinate system is defined such that the Z axis 
agrees with the optical axis. In addition, the X axis 
is perpendicular to the first set of the lines of each 
sub diffraction grating 21a while the Y axis is 

s perpendicular to the second set of the lines of each 
sub diffraction grating 21a. 

A description will be given hereinafter of the 
measurement of the projection lens 1 in the meridi- 
onal direction. Light emitted from a coherent light 

70 source 4 is applied to the reticle 2. As shown in 
Fig. 16, the applied light passes through the reticle 
2 and is diffracted by the first diffraction grating 21 
on the reticle 2. The lines of the first diffraction 
grating 21 which extend perpendicular to the Y axis 

75 generate +1 -order diffraction light 41 A, 0-order 
diffraction light 41 C, and -1 -order diffraction light 
41 B. The + 1 -order diffraction light 41 A, the 0-order 
diffraction light 41 C, and the -1 -order diffraction 
light 41 B reach a spatial filter 9. As shown in Fig. 

20 17, the spatial filter 9 has a pair of apertures 10 for 
the lines of the grating 21 which extend perpen- 
dicular to the Y axis, and a pair of apertures 10 for 
the lines of the grating 21 which extend perpen- 
dicular to the X axis. The spatial filter 9 blocks the 

25 0-order diffraction light 41 C, and ±1 -order diffrac- 
tion lights generated from the lines of the grating 
21 which extend perpendicular to the X axis. Only 
the +1 -order diffraction light 41 A and the -1 -order 
diffraction light 41 B generated from the lines of the 

30 grating 21 which extend perpendicular to the Y axis 
are transmitted through the spatial filter 9 via the 
apertures 10. As a result, only the +1 -order diffrac- 
tion light 41 A and the -1 -order diffraction light 41 B 
are incident to the projection lens 1. The +1 -order 

35 diffraction light 41 A and the -1 -order diffraction light 
41 B are re-diffracted by the projection lens 1 , for- 
ming Interference fringes on the diffraction grating 
31 of the reference reticle 11. The pitch of the 
interference fringes is equal to a half of the pitch of 

40 an original geometrical optics image, and the con- 
trast of the interference fringes is equal to 1. Ac- 
cordingly, in the case where the pitch of the sec- 
ond diffraction grating 31 is equal to a half of the 
pitch of the original geometrical optics image which 

45 is given by " p x P" and where the lines of the 
second diffraction grating 31 are perpendicular to 
the direction along which the related apertures 10 
are spaced, moire fringes result from the overlap or 
the superimposition between the interference 

so fringes and the lines of the second diffraction grat- 
ing 31. The aberration of the projection lens 1 
related to the meridional direction can be estimated 
by quantitatively measuring a curvature in the moi- 
re fringes. 

55 A description will be given hereinafter of the 
measurement of the projection lens 1 in the sagittal 
direction. The spatial filter 9 is moved to a position 
where the 0-order diffraction light 41 C and the ±1- 
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order diffraction lights 41 A and 41 B generated from 
the lines of the first diffraction grating 21 which 
extend perpendicular to the Y axis are blocked 
while only ±1 -order diffraction lights generated from 
the lines of the first diffraction grating 21 which 
extend perpendicular to the X axis are transmitted. 
The reference reticle 11 is rotated via a stage 12 to 
a position where the lines of the second diffraction 
grating 31 are perpendicular to the X axis. In this 
case, moire fringes result similarly. The aberration 
of the projection lens 1 related to the sagittal direc- 
tion can be estimated by quantitatively measuring a 
curvature in the moire fringes. 

In order to measure the curvature in the moire 
fringes, it is preferable that the pitch of the second 
diffraction grating 31 equals n x 0 x P or 1/n x j3 
x P where "n" denotes an integer. For example, 
the pitch of the second diffraction grating 31 is 0.7 
micrometers. 

A description will be given hereinafter of the 
operation of the fourth embodiment which relates to 
a process of evaluating the aberration of a given 
region of the projection lens i. The light emitted 
from the coherent light source 4 is applied to the 
reticle 2 via an illumination optical system including 
devices 5-7. The whole of the projection area 20 of 
the reticle 2 is illuminated by the coherent light. 
Thus, diffraction light is generated from the entire 
area of the first diffraction grating 21 . The diffrac- 
tion light is applied to the spatial filter 9. The 
spatial filter 9 is moved to a position where the 
light blocking part of the spatial filter 9 which 
extends between the apertures 10 is located di- 
rectly below a specified one of the sub diffraction 
gratings 21a. The 0-order diffraction light 41 C and 
the ±1 -order diffraction lights generated from the 
lines of the first diffraction grating 21 which extend 
perpendicular to the X axis are blocked by the 
spatial filter 9 while only the ±1 -order diffraction 
lights 41 A and 41 B generated from the lines of the 
first diffraction grating 21 which extend perpendicu- 
lar to the Y axis are transmitted through the spatial 
filter 9. As a result, only the +1 -order diffraction 
light 41 A and the -1 -order diffraction light 41 B are 
incident to the projection lens 1. The +1 -order 
diffraction light 41 A and the -1 -order diffraction light 
41 B pass through the projection lens 1 while being 
re-diffracted by the projection lens 1. The +1 -order 
diffraction light 41 A and the -1 -order diffraction light 
41 8 which exit from the projection lens 1 interfere 
with each other, forming the interference fringes 
only on the part of the image plane of the projec- 
tion lens 1 which corresponds to the specified one 
of the sub diffraction gratings 21a. The reference 
reticle 11 is moved via a stage 12 into a position 
where an image of the specified one of the sub 
diffraction gratings 21a can be normally formed 
through the projection lens 1. The moire fringes 



result from the overlap or the superimposition be- 
tween the lines of the second diffraction grating 31 
on the reference reticle 11 and the interference 
fringes by the +1 -order diffraction light 41 A and 

5 the -1 -order diffraction light 41 B which are gen- 
erated by the specified one of the sub diffraction 
gratings 21a. Since the specified one of the sub 
diffraction gratings 21a corresponds to a portion of 
the projection lens 1 , the aberration of this portion 

70 of the projection lens 1 can be evaluated by ob- 
serving the moire fringes. The moire fringes on the 
reference reticle 1 1 are moved to a central part of 
the observation field of view via an observation 
optical system including devices 14-17. The shape 

75 of the moire fringes is observed through the ob- 
servation optical system. This observation enables 
the evaluation of the aberration of the projection 
lens 1 which relates to the meridional direction. 
Next, the spatial filter 9 is moved to a position 

20 where the 0-order diffraction light 41 C and the ±1- 
order diffraction lights 41 A and 41 B generated from 
the lines of the first diffraction grating 21 which 
extend perpendicular to the Y axis are blocked 
while only the ±1 -order diffraction lights generated 

25 from the lines of the first diffraction grating 21 
which extend perpendicular to the X axis are trans- 
mitted. This movement of the spatial filter 9 causes 
a 90-degree rotation of the direction of the interfer- 
ence fringes formed on the reference reticle. The 

30 reference reticle 11 is rotated so that the direction 
of the lines of the second diffraction grating 31 is 
changed by an angle of 90 degrees, in this case, 
moire fringes result similarly. The shape of the 
moire fringes is observed through the observation 

35 optical system. This observation enables the evalu- 
ation of the aberration of the projection lens 1 
which relates to the sagittal direction. As a result, it 
is possible to evaluate the aberration of the projec- 
tion lens 1 which results from the difference be- 

40 tween the curvatures of the projection lens 1 in the 
meridional direction and the sagittal direction. 



Claims 

45 

1 . An apparatus for evaluating a lens, comprising: 
a diffraction grating located in an object plane of 
the lens; 

means for illuminating the diffraction grating with 
so coherent light, so that the diffraction grating gen- 
erates diffracted light from the coherent light, and 
the diffracted light is incident on the lens; 
a member located In an image plane of the lens 
and having a predetermined pattern formed there- 
55 on, whereby the diffracted light passes through the 
lens and forms interference fringes on the member, 
which form moire fringes by overlap with the pre- 
determined pattern; and 
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means for enabling the moire fringes to be ob- 
served. 

2. The apparatus of claim 1 further comprising 
means for removing an 0-order component from 
the diffraction light. 

3. An apparatus for evaluating a lens, comprising: 

a first reticle located at an object position of the 
lens and formed with a first diffraction grating; 
a stage supporting the first reticle; 
a coherent light source illuminating the first diffrac- 
tion grating; 

a spatial filter blocking an 0-order component of 
diffraction light from the first diffraction grating; 
a second reticle located at an image position of the 
lens and formed with a second diffraction grating; 
a stage for moving the second reticle within a 
projection range of the lens; and 
means for observing moire fringes which are caus- 
ed by the second diffraction grating and interfer- 
ence fringes formed on the second reticle by re- 
diffraction by the lens. 

4. The apparatus of claim 3 wherein the spatial 
filter is detachably located on a spectrum plane 
within the lens. 

5. The apparatus of claim 3 or 4 wherein the first 
diffraction grating comprises a plurality of sub dif- 
fraction gratings. 

6. The apparatus of claim 3 wherein the first dif- 
fraction grating comprises a plurality of sub diffrac- 
tion gratings, and the spatial filter is disposed be- 
tween the first reticle and the lens, and further 
comprising means for moving the spatial filter in a 
horizontal plane. 

7. The apparatus of claim 3 wherein the first dif- 
fraction grating comprises a plurality of sub diffrac- 
tion gratings, and each of the sub diffraction grat- 
ings comprises a set of first parallel straight lines 
and a set of second parallel straight lines which are 
perpendicular to the first lines, and wherein the 
spatial filter selects and transmits ±1 -order compo- 
nents of diffraction light generated from one of a 
set of the first lines and a set of the second lines of 
the sub diffraction gratings, and the spatial filter is 
disposed between the first reticle and the lens, and 
further comprising means for moving the spatial 
filter in a horizontal plane. 

8. Apparatus of according to any one of the pre- 
ceding claims wherein the first diffraction grating 
comprises parallel straight lines spaced at equal 
pitches P, and P£X/NA where "NA" denotes a 
numerical aperture of the lens and V denotes a 
wavelength of used light of the lens. 

9. The apparatus of any one of the preceding 
claims wherein the first diffraction grating com- 
prises parallel straight lines spaced at equal 
pitches P, and the second diffraction grating or the 
predetermined pattern comprises parallel straight 
lines spaced at equal pitches p, and wherein p = n* 



ft *? where "n" denotes a predetermined integer 
and n 0 n denotes a magnification of the lens. 
10. The apparatus of any one of claims 1 to 8 
wherein the first diffraction grating comprises par- 

5 allel straight lines spaced at equal pitches P, and 
the second diffraction grating or the predetermined 
pattern comprises parallel straight lines spaced at 
equal pitches p, and wherein p = l/n* /S *P where 
rt n" denotes a predetermined Integer and n fi n de- 

10 notes a magnification of the lens. 
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